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• Land scarcity and feed deficit in Rwanda
• Increase feed quantity and quality
Why matching forages to the socio-
ecological niche?
• Low technology adoption
• Heterogeneity of farming systems in Sub-
Saharan Africa
2
Figure: The role of improved forage technologies in mixed crop-livestock farming 
systems, and their potential impacts on productivity, environment and livelihood 
dimensions. Retrieved from Paul (2019).
Objectives
Research questions:
1. What are the socio-ecological niches suitable for on-farm forage planting?
2. How to quantitatively match the forage varieties to the identified niches?
3. Can the on-farm forage integration improve milk yield and reduce enteric CH4 emission intensity?
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Conceptual framework
What is socio-ecological niche?
- An extension of ecological niche
- Defining the desired environment for a 
agricultural technology by various types of 
resources and contextual factors
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Conceptual framework
How to characterize the socio-ecological niche?
In this study, we proposed 6 criteria to define the socio-
ecological niche. 
Criterion 1: Agro-ecological environment
Criterion 2: Cultural environment
Criterion 3: Socio-economic environment
Criterion 4: Institutional support
Criterion 5: Production objectives
Criterion 6: Farm production environment
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Study site
Burera district (on the 
Buberuka Highland)
Nyagatare district (on 
the Eastern Savanna)
Nyanza district (on the 
Central Plateau)
Map of  Rwanda
Source: Mukashema, A., Veldkamp, A., & Vrieling, A. (2014). Automated high resolution mapping of coffee in Rwanda using 
an expert Bayesian network. International journal of applied earth observation and geoinformation, 33, 331-340.
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Number of members 
per household
5.8 6.5 5.1
Farm size (ha) 0.74 4.22 1.55
Number of cows 1.5 4.5 2.2









Selected according to 
their number of 
households, farm size, 
and number of 
lactating cows
Method | Niche characterization
Information required:
- Criterion 1 Agro-ecological conditions
- Criterion 2 Cultural environment
- Percentage of land allocated to forage
- Livestock feeding habit
- Criterion 3 Socio-economic environment
- Distance to the market
- Total value from farm production
- Household labour availability
- Criterion 4 Institutional support
- Frequency of extension services
- Seed/planting material accessibility
- Criterion 5 Production objectives
- Feed security indicator
- Months of feed deficit
- Feed quality (MP & ME)
- Enteric methane production intensity
- Criterion 6 Farm production environment
- Land availability (ha/household)






Method | Forage characterization
Forage demand
Forage characteristic Corresponding niche characteristic
Low Medium High





Annual precipitation Annual precipitation
Annual temperature Annual temperature
Soil pH Soil pH
Soil fertility Soil fertility
Criterion 2: Cultural environment
Frequency presented in feed basket
Norms on forage planting Being planted on-farm 
and frequently presents in 
the feed basket
Sometime presents in 
the feed basket in a 
small amount
Never presents in the 
feed basket
Intended forage use
Livestock feeding habit Can be used in pasture, 
cut-and-carry 
Have only one intended 
use or can only be fed 
freshly
Criterion 3: Socio-economic environment
Market value
Distance to the market Mainly for on-farm 
utilization
Marketable
Purposes of the forage
Income and capital Can be used as feed, 
mulch, fuel wood and 
more
Can be used as feed and 
mulch
Only used as feed
Labour requirement
Household labour availability Require less effort per ha 
than planting Napier grass
Require similar effort 
per ha as planting 
Napier grass
Require higher effort 
per ha than planting 
Napier grass
Criterion 4: Institutional support
Complexity of the technology
Frequency of extension services Simple innovation such as 
substitution of another 
crop
Complicated innovation 
that requires systemic 
changes
Seed/planting material accessibility
Seed/planting material accessibility Commercially available or 
can be propagated by 
farmers
Commercially available 
but difficult to buy
Not commercially 
available
Criterion 5: Production objectives
Food production Food security Edible Not edible for human
Biomass yield
Feed availability Average yield > 20 t 
DM/ha
Average yield ≤ 20 t 
DM/ha and > 10 t 
DM/ha
Average yield ≤ 10 t 
DM/ha
Protein content
Feed quality CP content > 100 g/kg CP content ≤ 100 g/kg
NDF content
Enteric methane production intensity NDF content < 400 g/kg 
DM
NDF content ≥ 400 g/kg 
DM and <600 g/kg DM
NDF content ≥ 600 g/kg 
DM
Criterion 6: Farm production environment
Yield per unit of land area
Land availability Average yield > 20 t 
DM/ha
Average yield ≤ 20 t 
DM/ha and > 10 t 
DM/ha
Average yield ≤ 10 t 
DM/ha
Water demand
Water availability Can tolerate dry season 
for more than three 
months
Can tolerant dry season 





Crop compatibility Can grow with most of 
the crops
Can grow with limited 
types of crops (e.g. only 
grasses or legumes)
Not commonly grow 
with another crop
Shade tolerance
Shade Can tolerant heavy shade Can tolerant light shade Full light
Information required:
- Criterion 1 Agro-ecological conditions
- Criterion 2 Cultural environment
- Frequency presented in feed basket
- Intended forage use
- Criterion 3 Socio-economic environment
- Market value
- Purposes of the forage
- Labour requirement
- Criterion 4 Institutional support
- Complexity of the technology
- Seed/planting material accessibility





- Criterion 6 Farm production environment








Method | Forage-niche matching










1) Facilitating niche + low/medium/high 
demand forage
2) Medium niche + low/medium demand 
forage
3) Constraining niche + low demand forage
Score of 2:
1) Medium niche + high demand forage
2) Constraining niche + medium demand 
forage
Score of 1: 
1) Constraining niche + high demand forage
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Method | Forage characterization
What forage species do we have? Grasses
Pennisetum purpureum (Napier grass) Brachiaria brizantha Tripsacum laxum
Chloris gayana (Rhode grass) Panicum maximum
Credit Reinaldo Aguilar
Credit Gilles Tran/AFZ Credit Forest and Kim Starr
Credit Tony Rodd
Credit Ian Partridge QDAF
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Method | Forage characterization
What forage species do we have? Legumes
Credit Forest and Kim Starr
Calliandra calothyrsus





Medicago sativa Credit  Scott Bauer, USDALeucaena leucocephala
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Method | Ex-ante assessment
The Ruminant model:
- Daily basis, individual cow
- Feed baskets to growth and production of the cow
- Feed parameters and livestock parameters
Indicators:
1. Milk yield (l/day/cow)
2. Enteric methane emission intensity (l CH4/l milk/day)
Scenarios:
Grass-integration scenario (GI): integrating high match grass forage into the identified socio-ecological niche 
and feed the produced grass to a lactating cow.
Legume-integration scenario (LI): integrating high match legume forage into the identified socio-ecological 
niche and feed the produced grass to a lactating cow.
We used banana field as an example in the ex-ante assessment. 
50% of the banana field area was assumed to be available as socio-ecological niche for forage production 
without competition from the banana. 
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Feed composition LR SR LD SD
BU2
Baseline feed basket Natural grasses (kg DM/day) 8.2 6.5 4.0 6.5
Napier grass (kg DM/day) 1.6 1.1 2.0 1.1
Maize stover-green (kg DM/day) 4.9 2.2 2.2
Banana trunk/leaves (kg DM/day) 1.6 1.2
Pulse straw-dry (kg DM/day) 1.1 0.6 1.1
Leucaena (kg DM/day) 0.2
Scenario GI Brachiaria brizantha (kg DM/day) 1.5 1.5 1.5 1.5
Scenario LI Desmodium intortum (kg DM/day) 0.4 0.4 0.4 0.4
NG1
Natural grasses (kg DM/day) 4.9 2.2 1.6 2.2
Napier grass (kg DM/day) 6.5 4.4 0.8 4.4
Pulse straw-dry (kg DM/day) 4.9
Maize stover-green (kg DM/day) 4.4 4.4
Maize stover-dry (kg DM/day) 0.8
Banana trunk/leaves (kg DM/day) 4.8
Scenario GI Chloris gayana (kg DM/day) 0.5 0.5 0.5 0.5
Scenario LI Leucaena leucocephala (kg DM/day) 0.7 0.7 0.7 0.7
NZ1
Natural grasses (kg DM/day) 9.8 5.5 2.4 6.5
Napier grass (kg DM/day) 3.3 2.7 3.2 3.3
Setaria (kg DM/day) 3.3 2.7 1.1
Irish potatoes vines (kg DM/day) 2.4
Scenario GI Pennisetum purpureum (kg DM/day) 2.1 2.1 2.1 2.1
Scenario LI Desmodium intortum (kg DM/day) 0.6 0.6 0.6 0.6
NZ2
Natural grasses (kg DM/day) 3.3 4.9 1.6 2.2
Napier grass (kg DM/day) 6.5 3.3 0.8 4.4
Pulse straw-dry (kg DM/day) 6.5
Irish potato vines (kg DM/day) 2.7
Banana trunk/leaves (kg DM/day) 5.6
Pulse straw-dry (kg DM/day) 4.4
Scenario GI Pennisetum purpureum (kg DM/day) 3.8 3.8 3.8 3.8
Scenario LI Desmodium intortum (kg DM/day) 1.2 1.2 1.2 1.2
Assumptions
Rain and dry season variation in 
forage yield was accomplished by 
adjusting the DM yield of the forage.
The forage production from socio-
ecological niche was added into the 
original feed basket as supplement.
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Household size, number of crop varieties: 
No significant difference
Farm area, number of cows:
Significant difference 
Average farm area:
0.74 ha in Burera
4.22 ha in Nyagatare
1.55 ha in Nyanza





Result | Niche characterization 
Allocated to banana:
66.7% households had plots allocated to banana, 
taking up about 6.6% of their farm area on average.
Allocated to woodlot:
Only found in Burera and Nyanza. 
Allocated to Napier grass:
50% households had planted Napier grass, taking 
up about 4.4% of their farm area on average.
No significant differences are found in the 
percentage of area allocated to banana, woodlot, 
and Napier grass among the districts.
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Result | Niche characterization 
Burera Nyagatare Nyanza
BU1 BU2 NG1 NG2 NZ1 NZ2
Long rain season ME MP ME ME ME ME
Short rain season ME ME ME ME ME ME
Long dry season ME ME MP ME ME MP
Short dry season ME ME ME ME ME ME
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Milk yield was mostly limited by 
ME supply, sometimes limited by 
MP supply in dry season
Table: limiting factor to the milk yield across the seasons. ME: metabolizable energy; 
MP: metabolizable protein 
Result | Matching forages and niches
Forage species BU1 WL BU1 NPG BU2 BNN BU2 WL Mean
Standard 
deviation
Pennisetum purpureum 50 (12) - 54 (12) 54 (12) 53 2.3
Brachiaria brizantha 49 (12) 48 (12) 50 (12) 50 (12) 49 1.0
Calliandra calothyrsus 53 (13) 52 (13) 52 (13) 52 (13) 52 0.5
Desmodium intortum 51 (13) 50 (13) 58 (13) 51 (13) 53 3.7
Table: Forage-niche matching scores in BU1 and BU2. WL: woodlot, NPG: Napier grass, BNN: banana.
18
Scores under Criterion 1 (values in the brackets) had little variations
By forages:
Pennisetum purpureum, Desmodium intortum, and  Leucaena leucocephala were the most suitable forages for 
all niches.
Brachiaria brizantha had the lowest score. 
By niches:
Forage integration with banana had the highest score. Integrating with Napier grass had lower score.
Result | Matching forages and niches
Forage species NG1 BNN NG1 NG NG2 NG Mean
Standard 
deviation
Pennisetum purpureum 55 (13) - - 55 0.0
Brachiaria brizantha 53 (14) 52 (14) 47 (14) 51 2.6
Tripsacum laxum 54 (15) 53 (15) 48 (15) 52 2.6
Chloris gayana 54 (15) 54 (15) 49 (15) 52 2.4
Panicum maximum 54 (15) 54 (15) 51 (15) 53 1.4
Mucuna pruriens 54 (15) 53 (15) 53 (15) 53 0.5
Desmodium intortum 54 (14) 53 (14) 50 (14) 52 1.7
Medicago sativa 54 (14) 54 (14) 53 (14) 54 0.5
Leucaena leucocephala 59 (15) 58 (15) 55 (15) 57 1.7
Table: Forage-niche matching scores in NG1 and NG2. WL: woodlot, NPG: Napier grass, BNN: banana.
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Result | Matching forages and niches
Forage species NZ1 BNN NZ1 NG NZ2 BNN NZ2 WL NZ2 NG Mean
Standard 
deviation
Pennisetum purpureum 50 (12) - 51 (12) 51 (12) - 51 0.5
Brachiaria brizantha 50 (13) 49 (13) 49 (13) 49 (13) 48 (13) 49 0.6
Setaria sphacelata 50 (13) 49 (13) 50 (13) 50 (13) 49 (13) 50 0.5
Desmodium intortum 49 (13) 49 (13) 52 (13) 52 (13) 51 (13) 51 1.4
Table: Forage-niche matching scores in NZ1 and NZ2. WL: woodlot, NPG: Napier grass, BNN: banana.
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Result | Ex-ante assessment
Indicators ID Baseline Scenario GI
LR SR LD SD LR SR LD SD Mean
Milk yield BU2 2.0 0.4 2.2 0.4 35.0 600.0 475.0 370.0
(L/day/head) NG1 4.0 3.4 0.8 3.4 -5.0 -5.9 50.0 -2.9 9.0
NZ1 3.0 3.0 5.5 1.8 60.0 63.3 32.7 105.6 65.4
NZ2 4.1 6.5 0.8 3.5 12.2 16.9 250.0 14.3 73.4
Mean 25.5 168.6 110.9 148.0 129.4
Methane emission BU2 64.3 260.0 54.2 260.0 -21.5 -79.0 -78.4 -59.6
(L CH4/L milk/day) NG1 36.5 41.0 147.3 41.0 4.3 5.3 -26.1 2.5 -3.5
NZ1 48.7 46.2 28.9 68.4 -32.6 -29.7 -15.8 -43.1 -30.3
NZ2 34.4 25.8 142.4 40.1 -3.4 -7.2 -60.6 -9.0 -20.1
Mean -13.3 -27.7 -34.2 -32.0 -28.4
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Scenario GI 
Milk yield: 2.8 l/day → 3.9 l/day (+129%)
Enteric methane emission intensity: 83.7 l CH4/l milk → 44.8 l CH4/l milk (-28%)
Table 11. Simulated milk yield and enteric methane emission intensity of scenario LI compared to their baseline feed baskets. LR: long rain
season, SR: short rain season, LD: long dry season, SD: short dry season
Result | Ex-ante assessment
Indicators ID Baseline Scenario LI
LR SR LD SD LR SR LD SD Mean
Milk yield BU2 2.0 0.4 2.2 0.4 70.0 1050.0 800.0 640.0
(L/day/head) NG1 4.0 3.4 0.8 3.4 10.0 17.6 37.5 2.9 17.0
NZ1 3.0 3.0 5.5 1.8 46.7 50.0 23.6 72.2 48.1
NZ2 4.1 6.5 0.8 3.5 17.1 27.7 200.0 20.0 66.2
Mean 35.9 286.3 87.0 223.8 192.8
Methane emission BU2 64.3 260.0 54.2 260.0 -32.2 -87.4 -100.0 -86.0 -76.4
(L CH4/L milk/day) NG1 36.5 41.0 147.3 41.0 -6.3 -11.5 -24.4 -1.8 -11.0
NZ1 48.7 46.2 28.9 68.4 -74.6 -24.9 -12.6 -35.0 -36.8
NZ2 34.4 25.8 142.4 40.1 -7.3 -11.3 -56.5 -11.9 -21.7
Mean -30.1 -33.8 -48.4 -33.7 -36.5
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Scenario LI 
Milk yield: 2.8 l/day → 4.2 l/day (+193%)
Enteric CH4 emission intensity: 83.7 l CH4/l milk → 40.3 CH4/l milk (-37%)
Table 11. Simulated milk yield and enteric methane emission intensity of scenario LI compared to their baseline feed baskets. LR: long rain
season, SR: short rain season, LD: long dry season, SD: short dry season
Discussion | Socio-ecological niches 
Banana, woodlot, and Napier grass fields are identified 
as agro-ecological niches for integrating forages.
Banana: 
• Most popular
• Alternative feed source during the dry season
• Major income sources of some households.
Woodlot: 
• Only found in Burera and Nyanza, opposite to the 
theory from Bucagu et al. (2013).
Napier grass: 
• Basal diet
• Not rare in the study sites, possibly due to the 
encouragement from the Rwandan government to 
plant Napier grass to mitigate soil erosion. 
Credit An Notenbaert/CIAT 
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Discussion | Socio-ecological niches 
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The socio-economic suitability of these niches varies among districts. 
Burera: 
• High land stresses and fragmentation
• Soil erosion
• Zero-grazing 
→ higher demand in forage intensification, intercropping, multi-purposes forages
Nyagatare:
• Lack of labour for managing a comparatively large land
• extensive to semi-extensive grazing
→ Requires labour-saving practices and forages that requires less management efforts such as 
Leucaena leucocephala. 
Despite the identified socio-ecological niches in this study, improved pasture may be a better 
choice in Nyagatare.
Discussion | Matching forages to the socio-ecological niches
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The matching approach unraveled the subtle differences among the forage technologies and the respective contexts, 













Pennisetum purpureum 55 (13) - - 55 0.0
Brachiaria brizantha 53 (14) 52 (14) 47 (14) 51 2.6
Tripsacum laxum 54 (15) 53 (15) 48 (15) 52 2.6
Chloris gayana 54 (15) 54 (15) 49 (15) 52 2.4
Panicum maximum 54 (15) 54 (15) 51 (15) 53 1.4
Variation in final scores
• Largely determined by socio-economic 
condition and farm production 
environment of individual household
For example, Brachiaria brizantha: 
• Better drought tolerance
• Higher protein content
• However, lower final matching 
score. 
• The score is comparable with the 
finding of  (Osele et al., 2018)
Discussion | Ex-ante assessment of  the matching
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Result shows that either integrating grass or legume forage into the banana field can raise the milk yield 
while decreasing enteric methane emission intensity.
Finding 1
Legume was more efficient in increasing milk yield than grass
Finding 2
Lower enteric methane emission intensity is found with higher milk yield, in line with FAO (n.d.) and Rao 
et al. (2015)
Finding 3
Brachiaria brizantha may be more efficient in increasing milk yield than other grass forages becasue of its 
higher protein content, though it recieved a lower score in matching. 
Discussion | Limitations
Niche characterization
• On-farm biophysical data
• Tree species in woodlots
Matching approach
• Weights of each criteria
• Forage conservation knowledge
Ex-ante assessment
• Trace minerals were not considered
• Feed quantity can be refined with further feed assessment
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Conclusion
1. What are the socio-ecological niches 
suitable for on-farm forage planting?
2. How to quantitatively match the forage 
varieties to the identified niches?
3. Can the on-farm forage integration 
really improve milk yield and reduce 
enteric CH4 emission intensity?
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• Banana, Napier grass, woodlot
• Sizes and level of socio-ecological niches varies
• Matching the niches and forages by evaluating 
their supply and demand
• Pennisetum purpureum and Desmodium intortum
are the most suitable forages for the identified 
socio-ecological niches
• Yes
• Legume integration was more efficient in 
improving milk yield.
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